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Chemical Potential of Schottky Defects

@ The creation of a Schottky defect can be expressed as
AXB + BB < VB + V9B + AB

where AQB represents an A atom occupying on the A sublattice of
compound AB, and other notations are used in consistent ways.

o At equilibrium,

HAC + 1E° = fyas + pyss + Hip
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Chemical Potential of Schottky Defects

@ In the dilute solution approximation,

NA — TLAB
HA® = Hp"° + kg T In <VA
Na

Ng — nfB
8 = A2 4 kT ()
Ng

AB
n
fyp = ,ui’/pf\g + kgT'In ( ]\‘7/: ) = ,LL?/AAB + kgT'In (QJV/(\B>

AB

o Y o
fype = MVQB + kg7 In ( N; ) = 'U’VBAB + kg7 In (xvéma)
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Chemical Potential of Schottky Defects

@ Since the chemical potential of a compound is the sum of the
chemical potentials for each component, i.e.,

AB,o ABo o
Ha Tt pgT = HAB

we have

(o] (0]
+
MV:\B ,u’VéAB

ZUVAAB.'L'VéAB = exp [— k‘BT = exp |: - k;l;,?f:|

where 12 is the chemical potential of a Schottky defect.
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Chemical Potential of Schottky Defects

o If

IEV:B = CL‘Vé\B

then

(e}

Hs
2kgT

.ZUV:B = IL'VéAB = exp [—
@ In Schottky notation using building elements,

0 (VA% = AR") + (V&7 — Bg®) + (AB)

res

where (AB) - epresents a molecule of AB compound from a

chemical reservoir of compound AB.
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Chemical Potentials of Neutral Dopants

@ The chemical potential of neutral dopants, pj is

Pgx = ug =+ ANS + k:BThl < dx)
N,

where 115 is chemical potential of pure dopant d at temperature 7" and
ambient pressure, and | is the total number of host lattice sites.

@ The formation energy Ay of dopant d in a host includes the

formation energy and it does not include configurational entropy
configuration. With quantity

Tyx =
d N,
L

we have

Pyx — g = Apg + kT In z = -
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Chemical Potentials of Neutral Dopants

@ The solubility limit xzx of d in host is given by

0= Aug+kgTInzy

NE

Kunok (KHU) Thermodynamics October 22, 2024 9/12



Chemical Potentials of Holes and Electrons

@ For n-type semiconductor, N, is the effective electron density of states
at the conduction band edge and Ny is the number of electron donors
per unit volume.

@ For p-type semiconductor, N, is the effective hole density of states at
the valence band edge and NV, is the number of electron acceptors per
unit volume.

@ The chemical potentials of electrons and holes without electric field is

n N,
e = Ec + kgT'In <N> ~ F.+ kgT'In (Nd>

C C

N,
ph=—FEy+ kg7l In <Z€> ~ —F, + kgT'In <Na>

v \
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Chemical Potentials of Holes and Electrons

@ For p — n junctions, the electric field presents at the junction region,
the electric field at n-type semiconductor ¢™ and the field in p-type

semiconductor is ¢,

N,
fle = Ec — e¢" + kgT'In <d>
Nc

and
. N,
My = —EV + €¢p + kBT In <N>
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Chemical Potentials of Holes and Electrons

o At equilibrium,

0 = fie + fin
therefore,
N, N,
0=FE.—e¢" +kgTn (=2 ) — B, +ed? + kgTln | -2
Nc Ny
proceed to
E, kgT. [(N4N,\ keT. [NyN,
Ap =" — P = =& 1 = 1
o=9" ¢ e * e n(NcNV> e n?
where
Eg = E. — B,

the band gap energy and n; is the intrinsic concentration of electrons
and holes without dopants,

E
n? = NN, exp < — kB’ng>
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